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1. Introduction
It has been reported that following the costs of feeding the lactating herd, heifer
rearing is the second largest expense in dairy operations, accounting for approximately 20%
of the total (Gabler et al. 2000). Holstein heifers achieve puberty at 30–40% of their
expected adult body weight and the recommended body weight for insemination is
between 340 and 365 kg, while the recommended age at first calving is considered to be
≤ 24 months with body weight ≥ 560 kg after calving (Heinrichs 1993; Tozer and Heinrich
2001). The productive life, milk yield, reproductive performance, and health of
primiparous Holstein cows is closely related to age at first calving and weight immediately
after calving (Gabler et al. 2000; Ettema and Santos 2004).
Generally, fertility is better in maiden heifers than in lactating cows (Pryce et al.
2004). For example, Pryce et al. (2002) observed conception rates to first service of 64%
and 71% in lines of maiden heifers of high and average genetic merit, while conception
rates were 39% and 45% for lactating cows of high and average genetic merit in the same
herd (Pryce et al. 1999). Timed-artificial insemination is a common practice in dairy herds
to improve reproductive efficiency since all cows are inseminated independent of estrus
detection (Bartolome et al. 2004). Moreover, Thatcher (2001) stated that the goal for a
successful estrous synchronization program is precise control of estrus, which will allow
fixed-time AI without the need for estrous detection. However, this needs to be coupled
with high fertility at the synchronized estrus or ovulation. The most effective method to
accelerate genetic progress and maximize profitability on a dairy operation is to breed
dairy heifers using AI. Successful use of artificial insemination for dairy heifers requires an
efficient method of monitoring occurrence of estrus (Dailey et al. 1983). Timed-artificial
insemination requires synchronization of follicular development, regression of the corpus
luteum (CL) and synchronous induction of ovulation (Pursley et al. 1995).
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2002). To achieve this target, heifers must be inseminated at 14 to 15 months of age. Since
most dairy farmers devote a majority of their time managing the milking herd, they often
have limited time for reproductive management of replacement heifers. Consequently,
timely detection of estrus and insemination do not occur in many heifers. A controlled
breeding program that allows timed insemination without estrous detection is therefore
highly desirable (Ambrose et al. 2002).
The primary reason for synchronizing estrus in dairy heifers is to facilitate use of
AI (Xu and Burton 1999). Effectiveness of current estrus synchronization strategies is
limited because dairy producers must rely on visual estrous detection, which is inefficient
in most farms, to accurately decide for the time of AI. Effective estrous synchronization
program provide a number of advantages: heifers are in estrus at a predicted time which
facilitates AI, embryo transfer; time and labor expense for detection of estrus are reduced;
AI becomes more practical under extensive conditions; precise control of ovulation permits
a timed insemination without the need for detection of estrus; and specific timed treatments
to improve embryo survival can be implemented effectively (Thatcher et al. 2001).
Artificial Insemination (AI) breeding programs have long been recommended for dairy
producers that raise heifers for herd replacements because of the proven genetic and
economic advantages of using AI compared with using natural service bulls for breeding
dairy cattle. Several estrous synchronization protocols have been developed for cattle using
exogenous hormones including progestogens, prostaglandin (PG) F2α (or PGF2α analogs),
and estrogens alone or in various combinations to control the physiology of the
reproductive cycle and synchronize estrous behavior (Odde 1990).
2. Synchronization of estrus in dairy heifers
During normal bovine estrous cycle, there are characteristic changes in ovarian
morphology; near the time of estrus, the preovulatory follicle grows to a large size and
produce substantial amounts of estradiol and in turn, at some point, circulating estradiol
reaches a sufficient concentration and duration to induce behavioral estrus and the LH
surge (Wilbank et al. 2002). However, inconsistent estrus cycle in some dairy heifers after
reaching puberty is one of problems to achieve a normal conception rate as well as
pregnancy rate. Silent and nonstanding estrus has been reported to occur in 6% and 25% of
estrous cycle, respectively in Holstein heifers (Morrow et al. 1976). Concurrently, with this
3problem, manipulating of estrous cycle is one indicator to achieve a normal reproductive
performance in the herd.
Synchronization of estrus in cattle implies the manipulation of the estrous cycle or
induction of estrus to bring a large percentage of a group of females into estrus at
predetermined time (Odde 1990) and reduces the need for estrous detection (DeJarnette et
al. 2001). This synchronization of estrus has widely been developed as an important tool
for increasing the rate of implementation of artificial insemination (AI) in beef and dairy
herds (Lucy et al. 2001). Several methods to synchronize estrus in cattle have also been
developed to increase the number of animal in estrus and to be pregnant (Pursley et al.
1995; Pursley et al. 1997; Xu and Burton 1999; Macmillan and Peterson 1993;
Vasconcelos et al. 1999). Moreover, possible advantage of estrous synchronization is to
improve reproductive performance of heifers which were not showing a consistent of
estrous sign in a herd.
Most commonly used estrous/ovulation synchronization protocols in dairy cows
and heifers may include Ovsynch/TAI (Pursley et al. 1995; Twagiramungu et al. 1995;
Schmitt et al. 1996), Heatsynch (Pancarci et al. 2002), and Select Synch (Twagiramungu et
al. 1995; Burke et al. 1996; Tenhagen et al. 2005), and combined progestins during a
period from the first GnRH to PGF2α (Lucy et al. 2001; Peeler et al. 2004; Cavalieri et al.
2003). Initial GnRH-treatment for synchronization of estrus/ovulation protocols such as
Ovsynch (DeJarnette et al. 2001; Pursley et al. 1995; Pursley et al. 1997; Vasconcelos et al.
1999; Schmitt et al. 1996; Pancarci et al. 2002; Burke et al. 1996; Tenhagen et al. 2005;
Rivera et al. 2005; Rivera et al. 2004 and Heatsynch (Pancarci et al. 2002) have been
widely used in dairy cows and heifers.
Administration of GnRH at random stage of estrous cycle caused ovulation and or
luteinization of large follicles present in the ovary and synchronizes the recruitment of new
follicular wave (Cavalieri et al. 2003; Macmillan and Thatcher 1991). However, Moreira et
al. (2000) reported that stage at which synchronization is initiated influences reproductive
responses for the timed artificial insemination protocol (Ovsynch/TAI). Heifers show the
different responses to initial GnRH treatment at random stage of estrous cycle in ovulation
and formation of a new or accessory CL between lactating dairy cows (90%) and dairy
heifers (54%) (Pursley et al. 1995). Increased the odds of administering the first GnRH in
the absence of a dominant follicle in heifers (Haughian and Wiltbank 2002), may lead to
the absence of CL at the day of PGF2α injection and to the occurrence of estrus around the
4day of PGF2α injection (DeJarnette et al. 2001). Therefore, administration of exogenous
progesterone during the period between GnRH and PGF2α is suggested (Kim et al. 2003).
Ambrose et al. (2005) reported that CIDR-based Ovsynch/fixed timed AI (FTAI) protocols
using either GnRH/GnRH or ECP/ECP yielded pregnancy rates about 20% points higher
than the pregnancy rate previously reported for dairy heifers bred to Ovsynch/FTAI in the
absence of a CIDR.
Involving CIDR in the protocol prevented the onset of premature estrus (Kim et al.
2003) and a CL with normal life-span was formed following CIDR removal (Wheaton and
Lamb 2007). Rivera et al. (2005) reported that inclusion of CIDR inserts in a protocol to
synchronize ovulation suppressed estrus during CIDR insertion, thereby allowing a 100%
submission rate for TAI without affecting fertility.
3. Importance of synchronization of estrus in dairy heifers
Fertility in maiden heifers is better than in lactating cows (Pryce et al. 2004). For
example, Pryce et al. (2002) observed conception rates to first service of 64% and 71% in
lines of maiden heifers of high and average genetic merit, while conception rates were 39%
and 45% for lactating cows of high and average genetic merit in the same herd (Pryce et al.
1999). However, as discussed by Royal et al. (2000a), the physiological status of cows and
heifers are very different. Heifers reach puberty typically between 9 and 12 months of age,
but are not usually inseminated until 15 months of age. The postpartum cow, on the other
hand, has a shorter period to re-establish ovarian cyclicity before insemination. Indeed, the
hypothalamo–pituitary–ovarian axis in both heifers and post-partum cows must go through
the occurrence of estrus with ovulation, followed by normal luteal life span, for
establishment of ovarian function. However, following parturition, the post-partum cow
must, in addition, undergo a series of additional recovery events. These include recovery
from pregnancy, including a reduction in high exposure to placental hormones, and escape
from inhibition of gonadotrophins caused by suckling (Malven 1984). This is due to the
fact that there are differences in follicular dynamics between dairy heifers and lactating
cows. Heifers have a faster rate of follicular growth than lactating cows (Pursley et al.
1995), and a high frequency of three-wave cycles was observed in heifers (Savio et al.
1988). Those factors may reduce the frequency of heifers that successfully synchronize the
emergence of a dominant follicle following the first injection of GnRH of the
Ovsynch/TAI protocol, as previously proposed (Pursley et al. 1997). Nonetheless,
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rates when applied to lactating dairy cows (Moreira et al. 2000).
Therefore, estrous synchronization in heifers that implies the manipulation the
estrous cycle or induction of estrus to bring a large percentage of a group of females into
estrus at a predetermined time (Odde 1990) is necessary, to facilitate use of AI (Xu and
Burton 1999). Because, the most effective method to accelerate genetic progress and
maximize profitability in a dairy operation is to breed dairy heifers using AI (Fricke 2009).
Estrous synchronization is an important tool for increasing the rate of
implementation of artificial insemination in cattle (Lucy et al. 2001), and the methods for
estrous synchronization should be relatively simple to employ and should be robust so that
they can be applied under a variety of management conditions.
The rate at which heifers become pregnant after reaching puberty is determined by
an interaction between service rate and conception rate. Although the stated goal for a
heifer rearing program is to achieve an average age at calving of between 23 and 25
months of age, measuring reproductive efficiency using an average age at first calving fails
to account for the distribution or variation among individual heifers around that average.
For many heifer rearing systems, a high proportion of heifers conceive too late and have an
unacceptably high age at first calving despite the fact that the average age at first calving
for all heifers within the rearing system is at or near the stated goal of between 23 and 25
months of age (Fricke 2009). Therefore, it is necessary to develop a new controlled
breeding program to achieve a better reproductive performance in dairy heifers.
4. Reproductive performance in dairy heifers after synchronized estrus
Ideally, an estrous synchronization system should elicit a fertile, tightly
synchronized estrous response in a high percentage of treated females. Methods of
evaluating synchronization systems include estrous response (percentage of females
showing estrus of those treated), synchronized conception rate (percentage of females
conceiving of those inseminated), synchronized pregnancy rate (percentage of females
conceiving of the total treated), and pregnancy rate at various stages of the breeding season.
Distribution of estrus or degree of synchrony is important when evaluating a system’s
potential for timed breeding (Odde 1990).
Ovsynch or a protocol to synchronize ovulation, since its introduction in mid
1990’s, using a strategic combination of GnRH (Day -10, Day -1) and PGF2α (Day -3)
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management of dairy cows in North America. Although the Ovsynch/TAI protocol yields
satisfactory pregnancy rates in dairy cows, pregnancy rates in nulliparous heifers are
unacceptably low (Ambrose et al. 2002). Pregnancy rates following Ovsynch/TAI average
about 40% in lactating dairy cows (Pursley et al. 1997; Schmitt et al. 1996; Ambrose et al.
2000), which is not different from the average pregnancy rates achieved following AI at
detected estrus in dairy cows. However, pregnancy rates to Ovsynch/FTAI in nulliparous
heifers are also in the 40% range (Pursley et al. 1997; Schmitt et al. 1996; Stevenson et al.
2000), much lower than what is normally achieved (60 to 70%) to AI at detected estrus in
heifers. Hence, certain modifications in management during the protocol and of the
protocol itself may improve response of heifers to the protocol.
Study of Rivera et al. (2004) using Holstein dairy heifers (n=352) on a custom
heifer operation in Wisconsin that were between 13 and 14 months of age were subjected
to a 42 d AI breeding period in which heifers received AI after removed tail chalk
evaluated once daily (09:00 h). At AI breeding period onset (day 0), heifers were randomly
assigned to receive synchronization of ovulation and TAI (100 μg GnRH, day 0; 25 mg
PGF2α, day 6; 100 μg GnRH+TAI, day 8) followed by AI after removed tail chalk for the
remainder of the AI breeding period (GPG; n=175), or AI after removed tail chalk for the
duration of the AI breeding period (TC; n=177). The interval from AI breeding period
onset to first AI service was greater (P < 0.01) for TC than for GPG heifers (9.9 ± 0.6 vs.
7.5 ± 0.1 d), whereas conception rate at 30 d post AI was similar between treatments
(46.5%, 80/172 vs 38.3%, 67/175 for TC vs GPG heifers, respectively). No treatment x AI
technician interaction was detected (P = 0.70); however, AI technician affected (P < 0.01)
conception rate (Tech 1=24.8%, 28/113; Tech 2=30.0%, 18/60; Tech 3=58.0%, 101/174).
Thus, the overall poor conception rates in this study can be attributed to differences due to
AI technician rather than failure of the protocol itself. Pregnancy loss from 30 to 75 d post
AI was 10.2% (15/147) and was similar between treatments. They summarized that this
protocol for fixed-time AI of dairy heifers can yield acceptable conception rates if estrus
detection and AI is conducted between the first GnRH and PGF2α injections and the effect
of AI technician is optimized. In another study of Rivera et al. (2005), at the onset of the
AI period (d 0), heifers were assigned randomly to receive synchronization of ovulation
and timed AI (TAI; d 0: 100 μg of GnRH; d 6: 25 mg of PGF2α; d 8: 100 μg of GnRH +
TAI) either without (GPG; n = 95), or with insertion of a CIDR (CIDR; n = 94) from d 0
7to 6. No CIDR heifers received AI before d 8 compared with 24% of GPG heifers, and
pregnancy rate per AI (PR/AI) at 30 d after TAI did not differ between treatments.
Lucy et al. (2001) stated that the CIDR increased percentage of cattle in estrus and
pregnant during the initial days of the breeding period using the protocol of a 7-d CIDR
treatment with a luteolytic dose of PGF2α injected on d 6 of the CIDR treatment. Injection
of PGF2α to dairy heifers at random stages of the estrous cycles resulted in more than 60%
of them displaying estrus within a 5 days interval (Stevenson et al. 2006), while treatment
of presynchronized heifers between days 7 and 15 of the estrous cycles resulted in 86 – 98%
of animals displaying estrus within 80 h of treatment (Tanabe and Hann, 1984).
Several estrous/ovulation synchronization protocols in dairy heifers such as
Ovsynch (Pursley et al. 1997; Moreira et al. 2000; Rivera et al. 2004; Rivera et al. 2005)
Heatsynch (Cavalieri et al. 2003), and Select Synch (Tenhagen et al. 2005), and combined
progestins during a period from the first GnRH to PGF2α (Peeler et al. 2004; Cavalieri et al.
2003) and their reproductive performance are summarized in Table 1.
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heifers
Reference Protocol Conception rate (%)
Dailey et al. 1983 PGF2α + EB 29.7 to 53.0
Tanabe and Hann 1984 Single PGF2α 76.0
Schmitt et al. 1996 Ovsynch1/TAI
Ovsynch1 + AIE
Ovsynch2/TAI
Ovsynch2 + AIE
Ovsynch3/TAI
Ovsynch3 + AIE
25.8
48.7
45.5
48.0
52.9
56.1
Pursley et al. 1997 Ovsynch 35.1
Moreira et al. 2000 Ovsynch/TAI 37.5
Peeler et al. 2004 CIDR-ECP
CIDR-GnRH
63.0
57.1
Rivera et al. 2004 Ovsynch/TAI
Ovsynch + TC4/TAI
38.2
46.5
Rivera et al. 2005 Ovsynch/TAI
Ovsynch + CIDR/TAI
29.1
31.9
Tenhagen et al. 2005 Select Synch 49.0 to 66.0
Cavalieri et al. 2007 IVD-7-EB
IVD-8-EB
38.8
43.5
Yusuf et al. 2010 Heatsynch
CIDR-Heatsynch
36.0
44.0
Ovsynch1 = the second GnRH agonist injection was given 24 h after injection of PGF2αAIE = AI at detected estrus
TAI = timed AI
Ovsynch2 = the second GnRH agonist injection was given 48 h after injection of PGF2αOvsynch3 = the second injection of GnRH agonist, given at 48 h after injection of PGF2α, was
replaced with hCG (3,000 IU, i.m.).
CIDR-ECP = CIDR plus estradiol cypionate (ECP) on d 0, PGF2α on d 7, and ECP again on d 8
CIDR-GnRH = CIDR and ECP on d 0, PGF2α on d 7, and GnRH on d 9
4TC = Tail chalk; AI was conducted after removed tail chalk, 17.7% heifers received AI before
scheduled TAI
IVD-7-EB/IVD-8-EB = IVD (intravaginal progesterone-releasing device) for 7 or 8 d when
estradiol benzoate (EB) was administered at the start of treatment and again 24 h after
device removal.
95. Some factors affecting conception rate in dairy heifers
Pursley et al. (1997) stated that the ability to achieve acceptable fertility after a
timed AI could have a major impact on reproductive management of lactating dairy cows.
Breeding to a synchronized ovulation would allow more control in AI programs and
remove dependence on estrous detection before AI. This achievement opens the door to
various ways of managing AI and the calving interval. Thus, synchronization of ovulation
with GnRH and PGF2α provides an effective way to manage reproduction in lactating dairy
cows. However, this protocol was not an effective synchronization method for heifers.
Conception rates in dairy heifers after synchronized estrus ranging from 25% to
76% (Tanabe and Hann 1984; Schmitt et al. 1996). Little information exists regarding the
proportion of heifers that experience fetal loss. However, the proportion of heifers that lost
pregnancy from 40 to 90 days of gestation was smaller than previously reported in
lactating dairy cows (Santos et al. 2001; Chebel et al. 2004; Chebel et al. 2006).
Basically, to achieve high conception rates, heifers need to be gaining weight and
have adequate body condition at the time of breeding (Fricke 2009). Several factors
affecting conception rate in dairy heifers have been well documented in previous studies.
Chebel et al. (2007) concluded that body weight of dairy heifers at the initiation of the
breeding program was not correlated with conception rates, but it was correlated to the
estrous detection rate. Exposure to cold stress was associated with reduced conception
rates and increased fetal loss. Furthermore, heifers exposed to cold stress around the date
of initiation of the breeding program were inseminated and became pregnant at a slower
rate than those not exposed to extreme air temperatures. Service sire affected the
conception rate after first AI but was not correlated with fetal loss. Increased number of AI
was associated with a reduced likelihood of conception. Correct management of dairy
heifers to optimize their weight at initiation of the breeding program could improve estrous
detection rates. Furthermore, minimizing the effects of cold stress on dairy heifers could
result in increased reproductive performance.
Tenhagen et al. (2005) reported that a double timed AI after synchronization with
the GP protocol was as effective in getting heifers pregnant as AI on observed estrus,
although more straws of semen are needed. Effect of inseminator on pregnancy rate per artificial
insemination (PR/AI) of Holstein dairy heifers has also been reported (Rivera et al. 2004). Stage of
the estrous cycle at which synchronization is initiated influences reproductive responses to
the timed artificial insemination (Ovsynch/TAI) protocol (Moreira et al. 2000).
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Interpretation of the results obtained leads to the their hypothesis that the stage of the cycle
that seems to be the most appropriate for producing greater pregnancy rates to the
Ovsynch/TAI protocol is the early luteal phase (i.e. between d 5 and 10 of the estrous
cycle). Peeler et al. (2004) reported that timing of insemination markedly influenced (P <
0.05) PR for heifers in the CIDR-ECP treatment group. Heifers in the CIDR-ECP
treatment group inseminated 56 h after CIDR removal had a higher PR (81.0%) compared
with heifers inseminated 48 (66.7%) or 72 h (50.0%) after CIDR removal. To obtain the
highest PR with TAI in heifers, the use of CIDR inserts and ECP 24 h after CIDR removal
is recommended, with AI occurring approximately 52 h after CIDR removal or 32 h after
ECP administration.
Different protocols of estrus synchronization also caused different conception rate
(Schmitt et al. 1996). Their study showed that the reduction in conception rates detected in
the three experiments could be due to a failure of ovulation. However, some reports
(Pursley et al. 1994; Schmitt et al. 1994; Silcox et al. 1995) indicated that the second
injection of GnRH agonist caused ovulation of the dominant follicle recruited by the first
injection of GnRH agonist. Those authors confirmed that ovulation occurred 24 to 32 h
after the second GnRH agonist injection (given 24 or 48 h after PGF2α in heifers and cows).
Moreover, a delay of the ovulatory injection of GnRH agonist or hCG to 48 h after PGF2α
reduced the incidence of short estrous cycles and improved pregnancy rates. A greater
exposure to LH-like activity via injection of hCG eliminated the greater frequency of
shortened cycles, perhaps due to greater luteinization and differentiation of the ovulatory
follicle compared with that induced by a GnRH agonist. They suggested that further
experiments are needed to determine whether this advantage of hCG in heifers can be used
to reduce the interval to hCG injection to 36 h after PGF2α. This would permit a timed AI
for all heifers without the need of estrous detection, and the need for detection of estrus
could be eliminated from a reproductive management program (Pursley et al. 1997).
Reproductive efficiency is the product of estrous detection and conception rates
(Macmillan 1992; Schmitt et al. 1996). Thus, maximizing estrous detection rates can
improve overall pregnancy rates. Estrus is the consequence of coordinated follicular
growth and increased estradiol secretion coupled with luteolysis (Chenault et al. 1975,
1976). Recently, the use of a GnRH agonist injection followed 7 d later by an injection of
PGF2α (Thatcher et al. 1989; Twagiramungu et al. 1992; Wolfenson et al. 1994) has been
used effectively to synchronize estrus. This protocol combines synchronization of
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follicular growth and estradiol secretion with luteolysis in a sequential manner and
contributes to greater precision in timing of estrous behavior (Thatcher et al. 1989;
Wolfenson et al. 1994) compared with synchronization protocols based on the use of
PGF2α alone. Injection of a GnRH agonist can induce ovulation of a dominant follicle
(Roche 1975; Pursley et al. 1994; Silcox et al. 1995), and, when used after synchronization
of follicular growth and corpus luteum (CL) regression, should program ovulation and
enable AI at a fixed time.
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